ita when calculations are controlled for the amount people walk in a given metro area. 9, 10 Geographic concentrations of pedestrian-motor vehicle collisions within cities have been reported in the United States 11, 12 and elsewhere. 13, 14 For example, pedestrian and bicyclist accidents among children in Montreal, Quebec, are concentrated in just a handful of census tracts, and incidence is markedly lower in higher-income census tracts. 13 In Mexico City, Mexico, where pedestrians account for the majority of all fatalities involving a motor vehicle, pedestrian fatalities are concentrated around 6 intersections. 14 Certain population groups are also disproportionately affected by pedestrian-motor vehicle collisions. In the United States, Blacks account for more than 20% of all pedestrian fatalities, despite making up only about 12% of the total population. 9 In a study in Atlanta, Georgia, the pedestrian fatality rate per 100 000 for Hispanics was 6 times as high and for nonHispanic Blacks twice as high as for non-Hispanic Whites. 15 Reports from Los Angeles, California, 16 and Washington, DC, 17 found a higher number of pedestrian fatalities among Latinos than would be expected from their proportion of these cities' populations.
To date, much of the work on pedestrianmotor vehicle collisions has used the national Fatality Accident Reporting System database. [8] [9] [10] Although these data provide useful insights into pedestrian-motor vehicle collisions, they record only pedestrian fatalities, which tend to occur in certain types of collisions (e.g., high velocity, head-on impact). 18 Published studies estimate pedestrian injuries to be 13 19 We sought to examine pedestrian-motor vehicle collisions comprehensively and to explore the association between pedestrianmotor vehicle collisions and environmental characteristics by analyzing publicly available data. We captured all reported pedestrianmotor vehicle collisions during the study period, not just those resulting in fatalities. To assess whether some areas of the city presented a greater risk to pedestrians than others, we analyzed spatial patterns of pedestrian-motor Objectives. We examined patterns of pedestrian-motor vehicle collisions and associated environmental characteristics in Denver, Colorado.
Methods. We integrated publicly available data on motor vehicle collisions, liquor licenses, land use, and sociodemographic characteristics to analyze spatial patterns and other characteristics of collisions involving pedestrians. We developed both linear and spatially weighted regression models of these collisions.
Results. Spatial analysis revealed global clustering of pedestrian-motor vehicle collisions with concentrations in downtown, in a contiguous neighborhood, and along major arterial streets. Walking to work, population density, and liquor license outlet density all contributed significantly to both linear and spatial models of collisions involving pedestrians and were each significantly associated with these collisions.
Conclusions. These models, constructed with data from Denver, identified conditions that likely contribute to patterns of pedestrian-motor vehicle collisions. Should these models be verified elsewhere, they will have implications for future research directions, public policy to enhance pedestrian safety, and public health programs aimed at decreasing unintentional injury from pedestrianmotor vehicle collisions and promoting walking as a routine physical activity. 
Variables
We selected the independent variables on the basis of previous research findings. Table  1 provides a summary of the study variables.
Liquor license outlets. Both the number and type of liquor license outlets in an area have been associated with the number of drinking drivers and the number of drinking pedestrians. 22 24 Our data came from the Technology Services Department, City and County of Denver, land use database that contained location and descriptive information for more than 166 000 land parcels in a format compatible with a geographic information system (GIS). Land parcels were categorized by their primary use: residential, business, industrial, or institutional. Summary scores were calculated in the GIS, indicating the proportion of land dedicated to each use by census tract. Sociodemographic factors. Pedestrian safety and physical activity level can be affected by characteristics such as population density, which has been found to be associated with frequency of walking and pedestrian injuries at the individual level. [25] [26] [27] [28] A study of neighborhood factors associated with physical activity used place-based economic status and educational attainment variables. 27 Children and older adults were shown to be disproportionately affected by pedestrian-motor vehicle collisions. 25, 26 Similarly, Hispanics and Blacks were disproportionately affected by pedestrian-motor vehicle collisions in the United States.
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Pedestrian activity. At the time of the study, our review of the literature on pedestrian accidents and safety revealed no research that used mode of transportation to work as reported by the US Census as an explanatory or independent variable. Walking or taking public transportation to work was the only information collected during the 2000 US Census that provided an indicator of potential pedestrian exposure to motor vehicles. To the best of our knowledge, there were no publicly available data about the amount of walking by area or neighborhood in Denver at the time of our study. Therefore, we relied on a composite variable from the 2000 US Census of walking or taking public transportation to work as a proxy, on the assumption that taking public transportation requires at least some pedestrian activity.
Collision Data
We defined pedestrian-motor vehicle collisions as events involving a collision between a motor vehicle and a person walking or jogging on a public roadway. The motor vehicle collisions were then excluded by census tract either because they could not be assigned to a tract or because the entire tract was excluded. Two census tracts with residential populations of fewer than 5 people during the 2000 US Census-incorporating the airport and the county jail-were excluded, leaving 134 census tracts for analysis. Pedestrian-motor vehicle collision locations were assigned to a census tract by tract assignment provided by the US Census Bureau's Web site. 32 Although many collisions occurred on streets that served as census tract boundaries, the bureau assigned a specific tract to a location depending on how the location was entered. Denver's accident report data set provided a primary street and closest cross street for every pedestrian-motor vehicle collision. The primary street was entered first in the census database, followed by the secondary or closest cross street.
More than half of all accidents (52.0%) fell on a census tract border; large, arterial streets often serve as boundaries between census tracts, and the majority of pedestrian-motor vehicle collisions occurred on arterial streets. However, because some independent variables were derived from 2000 US Census data, we used the bureau's tract assignment of a location instead of an alternative assignment method. Employing the spatial analyses helped mitigate bias that might arise from this assignment method.
Analyses
We combined all data within a GIS and analyzed them with spatial techniques, which facilitated an exploration of relationships that would not be possible with traditional approaches.
We first produced descriptive analyses on the characteristics of pedestrian-motor vehicle collisions. Then we carried out geographic analyses of the patterns of pedestrian-motor vehicle collision locations by census tract and analyzed spatial statistics for significant global clustering of collisions. Finally, we conducted statistical modeling of environmental characteristics associated with density of pedestrianmotor vehicle collision. These linear models were then verified with a weighted regression model (conditional autoregressive) to account for the spatial relationships within the data.
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RESULTS
On average, law enforcement officials in Denver received more than 1 report of a pedestrian-motor vehicle collision per day. More than half of the pedestrian-motor vehicle collisions (55%) occurred at an intersection or were intersection related; another 37% occurred midblock. Just over 77% of collisions occurred on an arterial street or at an intersection with an arterial street. Approximately 90% of collisions involved a single motor vehicle. Nearly 9 out of 10 pedestrian-motor vehicle collisions resulted in an injury (83.7%) or fatality (4.4%) to a pedestrian.
Total pedestrian-motor vehicle collisions per census tract ranged from 0 to 110 (median = 9.0; mean =12.9). Seven tracts had no pedestrian-motor vehicle collisions; 6 of these were suburban tracts on the southwest or southeast edge of the county. Census tracts with the most pedestrian-motor vehicle collisions tended to cluster around downtown and a contiguous neighborhood (Lower Downtown) that is a revitalized area with residential, entertainment, business, and retail mixed use. The few additional neighborhoods that had exceptionally high pedestrian-motor vehicle collision rates all bordered major arterial streets of the city (Figure 1) . A global Moran index (I ) calculation, which estimates whether there is overall, or global, clustering within the data, indicated statistically significant global clustering of pedestrian-motor vehicle collisions by census tract (I = 0.19; P < .01).
After exploratory and bivariate analyses, we included 5 of the original variables in multivariate analyses: population density, Hispanic ethnicity, walking to work, liquor license outlet density, and business land use. We excluded other variables either because of their poor relationship with the outcome variable (density of pedestrian-motor vehicle collisions) or to reduce multicollinearity.
Linear regression analysis tested the relationship between the 5 selected variables and density of pedestrian-motor vehicle collisions. Initial model fit suggested that business land use and Hispanic ethnicity should be dropped from the model. A linear combination of walking to work, population density, and liquor license outlet density significantly predicted density of pedestrian-motor vehicle collisions by census tract (F 3, 130 =115.23; P < .001). The adjusted R 2 indicated that the model explained approximately 72.0% of the variance in density of pedestrian-motor vehicle collisions by census tract (Table 2 ). This is a relatively large effect size. 35 Although some correlations between independent variables were significant in bivariate analyses, tolerance levels for all variables in the final multivariate models were acceptable. Both the dependent and the independent variables in this model were transformed with natural log transformations, enabling interpretation as an elasticity, in which a 1% increase in the independent variable corresponded to a percentage change in the dependent variable. Therefore, a 1% increase in population density was associated with a 0.42% increase in density of pedestrianmotor vehicle collisions. A 1% increase in walking to work was associated with a 0.59% increase in density of pedestrian-motor vehicle collisions. A 1% increase in liquor license outlet density was associated with a 0.45% increase in density of pedestrian-motor vehicle collisions. This linear model should be interpreted with caution, however, because it did not account for spatial dependence within the data. A global Moran index calculation from the studentized residual of the linear regression model 33 indicated remaining spatial correlation in the linear model (I =0.02; z=3.03; P<.01).
A weighted conditional autoregressive (CAR) model was then calculated to account for the residual spatial correlation, with area of the census tract in square feet as the weight. In the CAR model, all variables significantly contributed to the model. The regression coefficients for the variables in the CAR model (Table 3) were very similar to the coefficients produced by the linear model. A likelihood ratio test indicated the presence of only a modest spatial structure in the CAR model (U = 0.09; P = .09).
DISCUSSION
We used Denver as a model to explore patterns of pedestrian-motor vehicle collisions and associated environmental characteristics that could be discerned in publicly available data. We captured all reported pedestrianmotor vehicle collisions in Denver during the study period, not just those resulting in a pedestrian fatality, and integrated the incident location information with other publicly available data about environmental characteristics within a GIS, thus providing a comprehensive picture of pedestrian-motor vehicle collisions. Consistent with other research on pedestrian injuries and fatalities, [11] [12] [13] [14] 19 our results showed a definitive pattern of spatial clustering of pedestrian-motor vehicle collisions within Denver. Pedestrian-motor vehicle collisions cluster in downtown, in the revitalized Lower Downtown neighborhood, and in neighborhoods that border a few of the major arterial streets. Three environmental characteristics, in combination, were significantly associated with the density of pedestrian-motor vehicle collisions by census tract: density of liquor license outlets, population density, and walking to work. Despite their significance in previous studies, 12, 27 economic indicator variables were not included in the final model because of concerns regarding multicollinearity. Environmental characteristics appeared to have strong relationships with place-based density of pedestrian-motor vehicle collisions in Denver. Attention to such place-based factors, as well as to individual pedestrian and driver factors, could improve pedestrian safety and promote pedestrian activity.
Strengths and Limitations
These analyses should be reproducible relatively economically elsewhere because we used publicly available data. Although the specific models presented here apply to Denver and would need to be tested elsewhere for generalizablity, they can inform policy and programmatic decisions, potentially helping to save lives and improve quality of life for pedestrians. For example, targeted, place-based interventions could help reduce pedestrianmotor vehicle collisions. Certain geographic areas experience much higher numbers of pedestrian-motor vehicle collisions than do most other areas. Improving pedestrian safety in these geographic areas first could reduce the overall number of pedestrian-motor vehicle collisions, thus reducing unintentional injuries and fatalities. With limited resources available for pedestrian safety and unintentional injury prevention, targeted interventions could be the most cost effective.
Furthermore, these models could help municipalities be proactive in determining geographic areas at risk for elevated numbers of pedestrian-motor vehicle collisions and in monitoring changes that might identify geographic areas with potentially increasing or decreasing numbers of pedestrian-motor vehicle collisions. Such proactive monitoring could assist municipalities in focusing resources and targeting interventions to geographic areas most at risk for elevated numbers of pedestrian-motor vehicle collisions.
Our results also suggest future research directions that would enhance our understanding of pedestrian-motor vehicle collisions and pedestrian safety. Qualitative studies informed by and supplementing quantitative studies such as ours should investigate resident perceptions of pedestrian safety. In this way, municipalities could proactively target specific neighborhoods to enhance pedestrian safety. Census tracts might not be a geographic unit particularly relevant to community members, but studies by neighborhood in a place such as Denver, which has fairly well-defined neighborhood units that correspond relatively well to aggregate census boundaries, could be informative. In cities where neighborhoods are not so well defined, alternatives might be identified, such as elementary school catchment areas.
Looking more specifically at the relationship between liquor license outlets and pedestrianmotor vehicle collisions would also be useful. Despite previous research indicating a significant association between the type of liquor license outlet and various public health outcomes, 22 ,23,36,37 we did not observe a significant association between the type of liquor license outlet and pedestrian-motor vehicle collisions in this study. Instead, density of liquor license outlets-irrespective of type-was significantly associated with pedestrian-motor vehicle collisions.
Further investigation into the relationship between liquor license outlets and pedestrianmotor vehicle collisions would help municipalities make planning decisions and allocate liquor licenses. Such information might also help municipalities plan pedestrian infrastructure enhancements and make policy decisions for geographic areas with elevated numbers or specific types of liquor license outlets. Although our study provided useful insights into the spatial patterns and place-based relationships of environmental characteristics associated with pedestrian-motor vehicle collisions in Denver, it had some limitations. The exploratory, cross-sectional nature of the study facilitated the investigation of associations that may lead to new hypotheses and inform future studies, but it did not permit causal inferences. The exclusion of 2 census tracts that had very low residential populations during the 2000 US Census (< 5) isolated a group of census tracts in the northeast corner of the city. This isolation may have affected the CAR model, which relied on a proximity matrix, although each of the tracts in this groups still bordered at least 2 other tracts.
Finally, our data were limited to pedestrianmotor vehicle collisions on public roadways, which often serve to subdivide geographic areas of a city. Analyses of pedestrian-motor vehicle collisions must determine how to assign collisions that occur along roads that serve as geographic unit boundaries. We relied on the US Census Bureau tract assignment because place-based census data composed a critical portion of the data of interest.
Conclusions
We combined publicly available data from several sources and integrated the information in a GIS to provide a unique look at the spatial patterns of pedestrian-motor vehicle collisions and associated environmental characteristics. The insights gained through such place-based analyses may help spur future research as well as programmatic decisions and policy development to help protect pedestrians and promote walking as a means to combat obesity, diabetes, and other chronic diseases. j
